of TaC and NbC was studied to ascertain whether similar empirical correlations existed for the cubic NaCl structure. Critical temperature showed:· a maximum higher than the critical temperature of either pure carbide. ,,'
In this system, electrons per atom remained const~t, while lattice parameters varied linearly. The results of this study show that the parameters successfully applied to intermetallic compounds are insufficient to describe superconductivity in the cubic NaCl system.
I. INTRODUCTION
A. History , In 1911 Kammerlingh'O!1nes was studying electrical properties of materials at low temperatures. Liquid helium, which he had learned to produce three years earlier had opened the way to research in the temperature range from 1 to l4°K. While taking a low temperature resistance measurement of mercury, he observed a total disappearance of resistance at 4.2°K.
Resistivity of metals was known to decrease as the material was cooled. Onnes' intention was to discover whether this trend would continue to absolute zero, or whether on further cooling resistivity would remain constant or even increase again.
It was reasonable to expect that if electrical resistance was primarily due to scattering of electrons by the lattice, resistance would a-pproach zero smoothly as the material was cooled. As the lattice energy gradually decreased, lattice vibrations would approach zero, and the resultant scattering of electrons would disappear.
If low temperature resistivity was due to impurity centers and crystal defects, the resistance would be expected to approach some value greater than zero. An increase in resistivity with lowering temperature would occur if the conduction electrons condensed on the metal atoms and ceased conducting electricity.
Onnes, working with platinum, discovered that resistivity became constant as the temperature was lowered. He concluded that resistance was due to impurities. His research continued on mercury, a substance in the temperature range of liquid heLlum. Since that time, however, \ gold has been found to be non-supercond\lcting.
From this relatively simple beginn:.ng the field of superconductivity has become increasingly complex. The tc:nperature of the superconductive transition was discovered to be a function of an applied magnetic field.
Fields of sufficient strength could comp:!_etely suppress the superconductive transition. The critical temperature WaF-also found to be related to various physical or chemical properties of the materials.
Many phenomenological theories have been proposed to describe the occurrence of superconductivity on the basis of thermodynamics and electron theory. Somewhat less theoretical studie"~ have attempted to correlate transition temperature with physical and crystal-chemical parameters.
B. The Meissner Effect
For twenty years, researchers assumed that superconductivity was synonymous with perfect conductivity. Unfortunately, perfect conductivity implied that the transition was irreversible or dependent on the path of the transition.
If a normal conductor were placed in a magnetic field, cooled below its transition temperature, and the magnetic field removed, then a current would be set up on the surface of the superconductor which would trap the magnetic flux ( Fig. 1) 1. On the other hand, if the conductor was cooled below its transition temperature before the magnetic field was applied, .
the application of the field would induce surface currents which would disappear when the field was removed (Fig. 2 In hard superconductors the sponge structure, or alternating normal and superconducting regions, results from a negative surface energy. The coherence length can be decreased by impurities, alloying elements, or cryste.l imperfections because these defects scatter electrons and shorten the distance over which a change in electronic configuration can take place.
These defects also serve to trap magnetic flux and result in much higher critical fields than those found in ideal superconductors.
E. Thermodynamic Treatment of Superconductivity
The thermodynamics of the superconducting transition was treated independently by several different groups. After the discovery of the Meissner effect, Gorter and Casimir 3 were able to develop an analysiS of the transition in a treatment analogous to other phase transitions.
The Gibbs free energy per unit volume of an ideal superconductor in a magnetic field is greater than the energy of the ~ame conductor in zero
field by an amount En ' the energy of the excluded f~ux lines.
Because of the negligible susceptibility of a sample in a normal state, the free energy of a normal conductor in a. magnetic field is approximately equal to that in zero field.
At the critical field, the phase transition takes place.
n c s c
The entropy is given by the equation
At the transition temperature the critical field is zero, and at absolute zero the first derivative of the critical field is zero. Between those two temperatures,the critical field is positive and its first derivative is negative. Therefore, the entropy of the normal phase is greater than the entropy of the superconducting phase in the temperature range between zero and the transitl.on temperature. The entropies of. the two phases are equal at zero and at the transition temperature.
The latent heat of the transition Q = T(S -S ) n s is zero when the phase change takes place in no applied magnetic field.
In the presence of a magnetic field, the latent heat is positive. This At the critical temperature, the specific heat of the superconducting phase is greater than that of the normal phase. A discontinuity in specific heat is predicted at the critical temperature. The superconducting transition is, therefore, a second order transition (Fig. 3) 4.
The specific heats of the normal and superconducting phases can be considered a sum of contributions from the lattice and from the electrons.
The first term is proportional to (~)3, where e is the Debye temperature, and the. second term is yT, where y is the Sommerfeld constant, proportional to the density of electronic states at the Fermi surface. From specific heat experiments carried out at fields greater than the critical field, y of the normal phase can be determined. If the contributions from the lattice are assumed to be equal in both phases, the specific heat in the superconducting phase can be calculated.
F . The BCS The o,ry
The electronic specific heat becomes important in the microscopic theory of superconductivity. Bardeen, Cooper, and Schrieffer 5 arrived at an explanation which satisfactorily explains the phenomenon of superconductivity and is in accord with experimentally observed results.
For instance it had been observed that superconducting isotopes showed critical temperatures related by the equation where M is the mass of the isotope. Transition temperatures had also been shown to be dependent on the frequency of an applied magnetic field.
No superconductivity was observed at frequencies higher than 10 13 secl .
It was concluded that at high frequencies, electrons which had condensed into a superconducting state were excited into a normal state. The energy gap is on the order of kT • c superconducting states, giv.en
The energy difference between normal and One of the serious problems involved in work with these carbides is that of stoichiometry. It has been suggested that the energy of formation of a carbon vacancy is lower than that for formation of a metal vacancy. Therefore, as the temperature is increased, the equilibrium number of carbon vacancies is considerably greater than the number of metal vacancies. At the lower temperatures where the numbers of carbon and metal vacancies are more nearly equal, the kinetics of the reaction are too slow to facilitate formation of the carbide.
Critical temperature has been shown to be highly dependent on stoichiometry. In order to reduce particle size, the powders were ball-milled for 72 hours in toluene as a dispersing agent. They were then dried and leached with HCl to remove any iron contamination from the milling process.
Distilled water was used to remove soluble chlorides. The carbide powders, dried with alcohol and acetone, were mixed by dry tumbling in proportions covering the entire solid solution range of the system.
Samples were extruded as 1/8" rods with styrene as a binder. A solution of 3% styrene in tolu~ne was added to the dry mixed powders. Then the toluene was evaporated leaving the carbide particies coated with styrene. Diphenyl was added as a plasticizer, and the mixture was heated to 160°C for the extrusion process.
The initial heating cycle was carried out at relatively low temper--atures. The temperature was raised to 375°C over a period of four hours and held constant for another four hours. During this time the styrene binder '"I(olati li zed into an atmosphere of purified (dried and deoxygenated) helium.
Further heating was carried out in vacuum. The.temperature was raised to l350°C over a four hour period and-was held\at that temperature ; for another four hours. The furnace was allowed to cool to room -12- temperature before the samples were. removed. After this initial firing the samples were very fragile but had. sintered to some extent. The final firing, also in vacuum, was at 2l00°C for periods ranging from 3 to bO hours. Critical temperature measurements were made by observation of the temperature at which the impedence changed. in a coil surrounding 13 the sample.
Those samples which had been fired for relatively short times showed very broad superconducting transitions. X-ray diffraction patterns showed some lines from the pure components, indicating inhomogeneity.
Samples fired at· 60 hours had. superconducting transitions over a temperature range of 3 to 4°c. Giorgi, in a private communication,
indicated. that the width of the transition may be due to d.eparture from stoichiometry.
III. RESULTS Figure b shows the experimental results of critical temperature plotted as a function of composition. In order to verify that this maximum in temperature is not due to a change in stOichiometry, lattice parameters were measured. on all samples. The lattice parameter varied.
linearly with composition (Fig. 9 ).
Powders of unmixed TaC and NbC were also extruded and fired with the same procedure used in preparation of the solid solutions~ These samples showed the same lattice parameter and. critical temperature as the unprocessed powders, indicating that the prepa~ation procedure did .1
. ~ .
• > -13-not significantly contaminate' cl'::.e specimens.
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